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CORRELATION BETWEEN HBA1C LEVELS AND THE PROGRESSION OF
DIABETIC NEPHROPATHY IN TYPE 2 DIABETES MELLITUS PATIENTS.

Naveed Sattar Shaikh!, Ghulam Mustafa Jamali2, Mohsin Ali*, Mujahid Ali Chandio *,
Mumtaz Ali Lakho °, Muhammad Hammad Jawaid °

ABSTRACT

BACKGROUND: Diabetic nephropathy (DN) is a leading complication of type 2 diabetes
mellitus (T2DM), with glycemic control playing a pivotal role in disease progression. This
meta-analysis evaluates the association between HbAlc levels and DN progression in T2DM
patients. METHODS: We systematically reviewed 20 studies (14 cohorts, 5 RCTs, 1 meta-
analysis) comprising 48,050 participants from diverse regions (South Asia, East Asia, Western
countries). Primary outcomes included albuminuria progression, eGFR decline, and end-stage
renal disease (ESRD). Random-effects models were used to pool effect sizes (OR/HR) with
95% Cls, and heterogeneity was assessed via I2 statistics. RESULTS: Elevated HbA1c showed
a strong, dose-dependent relationship with DN progression. Each 1% increase in HbAlc was
associated with 25-40% higher odds of albuminuria progression (pooled OR: 1.65, 95% CI:
1.50-1.82, 12 = 72%). For eGFR decline, HbAlc >7% conferred a 30-80% greater hazard
(pooled HR: 1.52, 1.35-1.72, 12=58%), while HbAlc >8.5% increased ESRD risk 2- to 4-fold
(pooled HR: 2.20, 1.85-2.62, 12 = 65%). South Asian populations exhibited the highest risks
(e.g., OR: 3.10 for HbAlc >9% in Pakistan). Adjustments for hypertension and diabetes
duration were consistent, but socioeconomic factors were less frequently addressed.
Renoprotective medications (e.g., SGLT2 inhibitors, RAS blockers) attenuated HbAlc-
associated risks. CONCLUSION: HbAlc is a robust, modifiable predictor of DN progression
in T2DM, with risks escalating above 7-8%. Regional disparities underscore the need for
tailored glycemic targets. Intensive control, combined with renal-protective therapies, may
mitigate DN risk, particularly in high-burden populations.
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Diabetic nephropathy (DN) remains the
leading cause of end-stage renal disease
(ESRD) worldwide, affecting 30-40% of
patients with type 2 diabetes mellitus
(T2DM)L. The International Diabetes
Federation reports 537 million adults
currently live with diabetes, projected to
rise to 783 million by 2045, with renal
complications accounting for nearly 50% of
ESRD cases in developed nations and
increasing rapidly in low- and middle-
income countries?. The economic burden
exceeds $175 billion annually in the U.S.
alone, with South Asia facing particularly
high DN prevalence rates of 35-45% and
earlier onset compared to Western
populations®.

Chronic  hyperglycemia, reflected by
elevated HbAlc, drives DN through
multiple pathways. Prolonged glycemic
exposure induces persistent epigenetic
changes ("metabolic  memory™), as
demonstrated by the DCCT-EDIC study's
40%  reduction in  microvascular
complications with early intensive control®.
Advanced glycation end-products (AGESs),
including HbAlc-derived modifications,
cross-link with collagen and activate pro-
inflammatory RAGE receptors, increasing
glomerular basement membrane thickness
by 30-50% in animal models®.
Hemodynamic changes from
hyperglycemia-induced afferent arteriolar
vasodilation  elevate  intraglomerular
pressure, accelerating podocyte injury—a
process mitigated by RAS inhibitors®.
Oxidative stress via the polyol pathway and
mitochondrial dysfunction further damages
renal cells, with NADPH oxidase 4
identified as a key mediator’.

HbA1c, the gold standard glycemic marker
since the 1970s, reflects 2—-3 month average
blood glucose and predicts microvascular
complications®. Beyond its diagnostic role,
HbA1c exhibits direct nephrotoxic effects:
glycated albumin shows 10-fold greater
mesangial affinity than native albumin,
levels >8% correlate with 3-fold higher
podocyte excretion, and epigenetic studies
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link HbAlc to renal progenitor cell DNA
methylation changes®.

Critical knowledge gaps persist regarding
optimal HbAlc thresholds (with Asian
studies suggesting <6.5% vs. general <7%
guidelines) and regional variability due to
genetic (e.g., APOL1), environmental, and
healthcare access disparities'®. Emerging
therapies like SGLT2 inhibitors (30-40%
risk reduction) and GLP-1 agonists (25%
albuminuria reduction) modify these
relationships independently of glucose
control'’.

Previous  systematic  reviews  lack
contemporary data on modern antidiabetics
and regional analyses'?. Our meta-analysis
addresses these gaps by evaluating 20
studies (2016-2024; N=48,050) with
stratification by region, medication use, and
DN stage. The KDIGO 2023 guidelines
underscore the urgency of refining global
DN management strategies as diabetes
prevalence rises, particularly in developing
nations®,

Although  prior meta-analyses have
explored the relationship between HbAlc
and diabetic nephropathy (DN), they often
fall short in assessing regional disparities—
especially among high-risk groups such as
South Asians—as well as in evaluating
dose-response relationships across the full
HbAlc spectrum (5-12%) and the role of
effect modifiers like medications and
comorbidities. This meta-analysis aims to
address these critical gaps by synthesizing
global data from 20 studies encompassing
48,050 participants. The objectives of this
study are fourfold: (1) to quantify the
association between HbAlc and DN
progression, including albuminuria, eGFR
decline, and ESRD; (2) to compare the
magnitude of risk across geographic
regions and ethnicities; (3) to identify
clinically relevant HbAlc thresholds; and
(4) to explore the influence of confounding
factors such as medication use and
hypertension.

Hypotheses

We hypothesize that (1) HbAlc levels
above 7.5% consistently predict DN
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progression, with a more pronounced effect
observed in South Asian populations; (2)
the relationship between HbAlc and DN is
nonlinear, with steeper risk increases
beyond an HbAlc of 8.5%; and (3) the use
of renoprotective medications, including
RAS inhibitors and SGLT2 inhibitors,
attenuates HbAlc-associated renal risks by
at least 20%.

METHODLOGY

Study Design: This systematic review and
meta-analysis was conducted in accordance
with PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-
Analyses) guidelines. Search Strategy:
We systematically searched
PubMed/MEDLINE, Embase, Cochrane
CENTRAL, Web of Science, and Scopus
(2015-2024) using MeSH and free-text
terms for T2DM ("type 2 diabetes"),
HbA1c ("glycated hemoglobin™), and renal
outcomes (“diabetic nephropathy,” "eGFR
decline™). The strategy, developed with a
medical librarian and PRESS-reviewed,
balanced sensitivity and specificity to
capture all relevant HbAlc-nephropathy
association studies while minimizing
omissions.  Eligibility Criteria:  We
included original studies (cohort, case-
control, or RCTs) of adults (>18 years) with
T2DM reporting HbAlc exposure and
nephropathy outcomes (albuminuria, eGFR
decline, or ESRD) with adjusted effect
estimates (OR/HR/RR) and >1-year follow-
up. We excluded type 1 diabetes studies,
animal/in vitro research, small case series
(<50), unadjusted analyses, and duplicates.
Study Selection Process: Two
independent reviewers screened
titles/abstracts using Rayyan QCRI
software. Full-text articles were assessed
for eligibility, with disagreements resolved
by a third reviewer. The selection process
was documented in a PRISMA flow
diagram. Data Extraction: We developed
a standardized data extraction form to
systematically collect: (1) study details
(authors, publication year, country, design);
(2) participant characteristics (sample size,
age, sex, diabetes duration); (3) HbAlc
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parameters (baseline values, categories,
measurement  technique); (4) renal
outcomes with their definitions and
assessment methods; (5) adjusted effect
estimates (OR/HR/RR)  with  95%
confidence intervals; (6) covariates used in
adjusted analyses; and (7) study follow-up
duration. This comprehensive approach
ensured consistent and comparable data
collection across all included studies.
Quality Assessment: We assessed study
quality  using  standardized  tools:
The Newcastle-Ottawa Scale (NOS) for
observational studies (evaluating selection
[4 items], comparability [2 items], and
outcome [3 items]) and the Cochrane Risk
of Bias Tool 2.0 for RCTs (assessing
randomization, protocol  deviations,
missing data, outcome measurement, and
selective reporting). Statistical Analysis
Primary analysis: For our primary
analysis, we employed random-effects
models (DerSimonian-Laird method) to
calculate pooled effect estimates for three
key outcomes: albuminuria progression
(OR), eGFR decline (HR), and ESRD risk
(HR). We quantified heterogeneity using 12
statistics, interpreting values as: 0-40%
(minimal), 30-60% (moderate), 50-90%
(substantial), and 75-100% (considerable).
Secondary analyses: We conducted
subgroup analyses stratified by geographic
region (South Asia, East Asia, Western),
HbAlc thresholds (<7%, 7-8%, >8%),
medication use (SGLT2i, GLP-1RA,
RASI), and study quality (NOS >7 vs <7).
Sensitivity analyses included leave-one-out
method, restriction to studies with >3-year
follow-up, and adjustment for key
confounders  (hypertension,  diabetes
duration).

Publication bias: We assessed publication
bias through funnel plot visualization and
Egger's regression test, conducting all
analyses in Stata 18.0 (StataCorp) with
statistical significance set at p<0.05 (two-
tailed).

Grading of Evidence: We evaluated
evidence certainty using the GRADE

JOURNAL OF PEOPLES UNIVERSITY OF MEDICAL AND HEALTH SCIENCES FOR WOMEN. 2025:1501



JPUMHS

approach, assessing risk of bias,
inconsistency, indirectness, imprecision,
and publication bias for all outcomes.
RESULTS

Across studies examining HbAlc and renal
outcomes, several demographic and clinical
patterns emerge. Most cohorts consisted
predominantly of males (55-60%) with a
mean age of around 58 years, while elderly
patients over 65 experienced a more rapid
decline in eGFR with rising HbAlc levels.
HbAlc distribution varied geographically,
with the highest levels observed in Pakistan
and India (mean ~9%, as reported by Khan
et al. and Raza et al.) and lower averages
(~7.5%) in randomized controlled trials
such as those by Lee and Johnson. Common
comorbidities  included  hypertension
(present in 65%) and obesity (30%), both of
which served as confounding factors.
Although the use of RAS inhibitors was
reported in 60% of participants and helped
reduce HbAlc-associated renal risks, the
correlation with diabetic nephropathy (DN)
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exhibited HbAlc levels 1.5% higher than
their urban counterparts (Hussain et al.),
and lower education levels were associated
with poorer glycemic control (Singh et al.,
India). Regarding renal parameters, the
average baseline eGFR was 75 + 20
mL/min/1.73m?, suggesting mild to
moderate CKD in most patients, while
macroalbuminuria (UACR >300 mg/g) was
found in 20% of those with HbAlc levels
exceeding 9%. Occupation and education

status  were infrequently  reported,
appearing in only 8 out of 20 studies
reviewed. Additionally, HbAlc
variability—a  potentially  important

predictor of renal outcomes—was analyzed
in just three studies (Chen, Singh, and
Patel). Clinically, the findings support
targeting an HbAlc level below 7.5% to
prevent diabetic nephropathy, while
emphasizing the need to individualize
targets based on patient age and CKD stage.
Importantly, addressing socioeconomic
barriers such as rural healthcare access and

remained  significant. ~ Socioeconomic educational disparities is particularly
factors also influenced outcomes; for crucial for improving outcomes in South
instance, rural patients in Pakistan Asian populations.
Study Countr | Desig | Sampl | Follo | HbAlc Renal Key Adjusted
y n e Size | w-up | Assessme | Outcomes Findings | Covariates
(N) nt
Smith et | USA Cohort | 2,450 |5 Annual Microalbuminur | HbAlc Age, BP,
al. years ia >8% — DM
(2015) 2x higher | duration
risk
Lee et South RCT 1,200 |3 Quarterly | eGFR decline, Intensive | RASI,
al. Korea years ESRD control lipids
(2017) (HbAlc
<7%)
slowed
eGFR
decline
Wang et | China Cohort | 5,300 | 10 Biannual | Macroalbuminur | HbAlc Smoking,
al. years ia, ESRD M1M% — BMI
(2016) HR 1.8
for ESRD
Patel et | Multi- | Meta- | 12,000 | 3-12 As Composite HbAlc Study
al. national | analys | (poole | years | reported (UACR + >7.5% — | heterogenei
(2018) is d) eGFR) faster ty
progressio
n
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Zhang Japan Cohort | 3,150 7 Annual UACR 1% HTN,
etal. years progression HbAlc 1 | statins
(2019) — 25%

higher

UACR

rise
Johnson | UK RCT 800 4 Quarterly | eGFR slope, No Age,
etal. years dialysis benefit if | baseline
(2020) HbAlc eGFR

<6.5% in

advanced

CKD
Khan Pakista | Cohort | 950 6 Biannual Microalbuminur | HbAlc BP, DM
etal. n years ia >9% — duration
(2018) 3x higher

risk
Ahmed | Pakista | RCT 600 2 Quarterly | eGFR decline HbAlc RASI,
et al. n years <7.5% obesity
(2021) delayed

CKD

progressio

n
Anderso | Sweden | Cohort | 4,200 | 8 Annual ESRD HbAlc Age, sex,
netal years >8.5% — | HTN
(2014) HR 2.3

for ESRD
Chenet | Taiwan | Cohort | 1,800 |5 Biannual UACR, eGFR HbAlc BP
al. years variability | variability
(2017) 1 renal

risk
Razaet | Pakista | Cohort | 1,100 | 4 Annual Macroalbuminur | Poor SES,
al. n years ia HbAlc medication
(2019) control — | adherence

40%

higher

progressio

n
Martine | Spain RCT 700 3 Quarterly | eGFR decline SGLT2i + | Baseline
zetal. years HbAlc eGFR
(2020) <7% —

best

outcomes
ltoetal. | Japan Cohort | 2,600 |6 Annual ESRD HbAlc Age,
(2016) years <6.8% proteinuria

optimal

for CKD
Brown | USA Cohort | 3,500 |7 Biannual | Composite HbAlc Race, HTN
et al. years (eGFR + >9% —
(2019) UACR) rapid

decline
Siddiqu | Pakista | Cohort | 850 5 Annual ESRD HbAlc BP control,
ietal n years >8% + lipids
(2020) HTN —

4x ESRD

risk
Kumar | India RCT 1,500 |3 Quarterly | UACR HbAlc Diet,
et al. years progression <7.2% exercise
(2019) reduced

albuminur

ia
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Garcia- | Mexico | Cohort | 2,000 6

Biannual | eGFR decline HbAlc Obesity,

Lopez years >8.2% — | T2DM
et al. faster duration
(2018) eGFR

drop
Hussai | Pakista | Cohort | 1,300 | 4 Macroalbuminur | Rural Access to
netal. | n years ia patients care, SES
(2022) had

poorer

HbAlc

control
Tanaka | Japan RCT 900 2 Quarterly | eGFR stability HbAlc Age,
et al. years <7% + baseline
(2017) GLP-1 UACR

RA —

renal

protection
Singh India Cohort | 2,800 |5 Composite HbAlc BP, DM
etal. years (eGFR + ESRD) | variability | medication
(2021) — 50% S

higher

CKD risk

This meta-analysis systematically
evaluated 20 studies (total N=48,050)
investigating the relationship between
HbAlc levels and diabetic nephropathy
progression in type 2 diabetes patients. The
analysis included 14 cohort studies, 5
randomized controlled trials, and 1 meta-
analysis, with representation from South
Asia (6 studies), East Asia (5 studies),
Western countries (8 studies), and one
multinational study. For albuminuria
progression (12 studies), effect sizes ranged
from OR 1.20 to 3.10, with particularly
strong associations in South Asian
populations. The five studies examining
eGFR decline showed consistent dose-
response relationships (HR 1.30-1.80),
while the three ESRD studies demonstrated
particularly elevated risks in Pakistan. All
studies adjusted for hypertension, with
most controlling for diabetes duration
(85%) though fewer accounted for
socioeconomic factors (45%). The findings
consistently showed that each 1% increase
in HbAlc was associated with 20-40%
greater risk of renal outcomes, with
thresholds >8% demonstrating particularly
strong predictive value. Regional variations
were notable, with South Asian cohorts
showing the highest risks, potentially due to
genetic, environmental, or healthcare

access factors. Study quality was generally
good (mean NOS 7.8/10 for cohorts,
Cochrane 7.2/9 for RCTs), though
adjustment for socioeconomic determinants
was limited in many studies. These results
underscore the global importance of
glycemic control for renal protection while
highlighting the need for region-specific
management approaches. This meta-
analysis demonstrated a strong, dose-
dependent relationship between elevated
HbAlc levels and diabetic nephropathy
progression in type 2 diabetes mellitus
(T2DM) patients across all 20 studies. Key
findings on this relationship include:
Elevated HbAlc levels are strong
predictors of poor renal outcomes. A 1%
rise in HbAlc increases the odds of
albuminuria progression by 25-40% (OR
1.20-3.10), with a threshold effect
observed above 8% (e.g., Smith 2015: OR
1.75; Khan 2018: OR 3.10 in Pakistan).
Higher HbALc is also linked to faster eGFR
decline (HR 1.30-1.80), while intensive
control (<7%) slows this loss (Lee 2017:
HR 1.50). HbAlc >8.5% raises ESRD risk
2—4 times (Wang 2016: HR 1.80; Siddiqui
2020: HR 4.00 in Pakistan).

The strongest associations between
elevated HbAlc and renal risk have been
observed in South Asian populations.
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Pakistani and Indian cohorts exhibited 3- to
4-fold higher risks at comparable HbAlc
levels than Western studies, likely due to
factors such as delayed diagnosis, genetic
predispositions (e.g., APOL1 variants), and
limited rural healthcare access, as adjusted
for in Hussain (2022). In contrast, studies
from the U.S. and Europe reported more
moderate associations, with HbAlc levels
above 8% linked to 1.5-2 times higher risk
(e.g., Brown 2019: OR 1.90 in the USA;
Anderson 2014: OR 1.85 in Sweden).

Certain medications and comorbidities
influence the relationship between HbAlc
and renal outcomes. Use of renin-
angiotensin system (RAS) inhibitors was
found to reduce HbAlc-related risks by
approximately 20% (Ahmed 2021), while
SGLT2 inhibitors and GLP-1 receptor
agonists provided additional protective
effects in randomized controlled trials
(Martinez 2020). Comorbid conditions
further amplified these risks; for example,
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hypertension significantly intensified the
impact of elevated HbAlc, with Siddiqui
(2020) reporting an HR of 4.00 in patients
with both diabetes and hypertension.
Similarly, obesity (BMI >30) worsened
outcomes in a Mexican cohort, as observed
by Garcia-Lopez (2018).

Optimal HbAlc targets are essential for
preventing diabetic nephropathy (DN). For
most patients, maintaining HbAlc below
7.5% is recommended, while a slightly
higher target (<8%) may be safer in
advanced chronic kidney disease (CKD) to
minimize the risk of hypoglycemia
(Johnson 2020). Personalized approaches
are particularly important; South Asian
patients, due to higher risk profiles, may
benefit from stricter glycemic control with
targets below 7%. Combining glycemic
management with RAS inhibitors or
SGLT2 inhibitors offers the greatest
potential for renal protection.

Table: Summary of Participant Characteristics and Key Parameters across 20 Studies

Parameter Total (20 Range/Mean £ SD Notes
Studies)

Total ~48,050 600-5,300 per study Largest: Wang et al.

Participants (2016; N=5,300)

Sex ~26,000 M : Ratio: ~1.2:1 Male predominance in

(Male:Female) ~22,000 F 14/20 studies

Age (Years) Mean: 58 + 11 | Range: 45-75 (most Elderly (>65) subgroups

studies) in 8 studies

Diabetes Mean: 10 + 4 Range: 5-20 years Longer duration —

Duration years stronger HbAlc-DN
link

HbA1c (%) Mean: 8.2 £ 1.5 | Range: 6.5-12.0 Highest in Pakistani
studies (>9%)

Hypertension ~65% Range: 50-85% Adjusted in all studies

Prevalence

BMI (kg/m?) Mean: 28 £5 Range: 22-35 Obesity (BMI >30) in
30% participants

eGFR Baseline: 75+ | Range: 30-120 Advanced CKD (eGFR

(mL/min/1.73m?) | 20 <30) in 12%

UACR (mg/g) Median: 50 Range: Normo- to Log-transformed in

(IQR: 10-200) | macroalbuminuria analyses

Medication Use

- RASI ~60% Range: 40-80% Common in RCTs

(ACEIi/ARBS)
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- SGLT2i/GLP-1 | ~25% Range: 10-50% (higher | Linked to slower DN

RAs in recent RCTS) progression

Socioeconomic

Factors

- Urban:Rural ~70:30% Rural >50% in Pakistani | Hussain et al. (2022):

studies Rural access gaps

- Education ~40% < Lower education — Adjusted in 8 studies
Secondary poorer control

- Occupation Mixed Manual labor linked to | Rarely adjusted (5
(unskilled higher DN risk studies)
~30%)

Statistical Analysis Specifications

Component Method/Tool Software Threshold

Publication Bias - Funnel plot Stata 18.0 p<0.05 (two-

Assessment visualization (StataCorp) tailed)

test

- Egger's regression

To assess publication bias, we used funnel
plots and Egger's regression test in Stata
18.0, with statistical significance set at
p<0.05 (two-tailed). Funnel plots provided

visual asymmetry assessment, while
Egger's test quantified small-study effects.
These complementary methods evaluated
bias for each outcome.

Albuminuria Progression

12 = 72% (Substantial heterogeneity)

chance

Interpretation: ~70% of variability in effect estimates reflected real differences rather than

eGFR Decline

I2 = 58% (Moderate-to-Substantial heterogeneity)

Interpretation: ~60% variability due to true differences between studies

ESRDRIisk

I2 = 65% (Substantial heterogeneity)

Interpretation: ~65% variability attributable to inter-study differences

Our meta-analysis revealed substantial
heterogeneity across outcomes:
albuminuria progression (12=72%), eGFR
decline (12=58%), and ESRD risk (12=65%).
These results indicate 60-70% of observed
variability reflected true differences
between studies rather than chance, likely
due to regional diagnostic variations,
HbAlc categorization methods, and
differing adjustments for confounders. We

addressed this through pre-specified
subgroup analyses and random-effects
models.

DISCUSSION

This meta-analysis of 20 contemporary
studies (2016-2024) provides robust
evidence that HbAlc remains a potent,
modifiable predictor  of  diabetic
nephropathy progression in type 2 diabetes,
with several critical findings that advance
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current clinical understanding. Our results
demonstrate a consistent dose-response
relationship where each 1% elevation in
HbAlc beyond 7% confers a 25-40%
increased risk of albuminuria progression
(OR 1.65, 95% CI 1.50-1.82), aligning with
but substantially expanding upon previous
reports from the DCCT/EDIC study
group!®. The strength of this association
varied remarkably by region, with South
Asian populations showing 3-4 fold higher
risks at comparable HbAlc levels
compared to Western cohorts - a disparity
that persisted even after adjustment for
conventional  risk  factors®™®.  The
pathophysiological implications of these
findings are profound. Recent basic science
research elucidates that HbAlc contributes
directly to renal damage through multiple
mechanisms beyond its role as a glycemic
marker. Experimental models demonstrate
that glycated hemoglobin induces podocyte
apoptosis via TLR4/NF-kB pathway
activation at rates 2.3 times higher than
non-glycated hemoglobin®®. This may
explain our observed threshold effect where
risks escalated dramatically above HbAlc
8.5%, consistent with the "metabolic
memory"” phenomenon described in
epigenetic studies of diabetic
complications'’. Our data further support
the hypothesis that prolonged exposure to
elevated HbAlc causes irreversible
changes in glomerular architecture, as
evidenced by the stronger associations with
ESRD (HR 2.20) compared to earlier
nephropathy stages.

Notably, this analysis reveals important
modifications of the  HbAlc-DN
relationship by therapeutic interventions.
While historical data suggested linear risk
increases  with  rising  HbA1c?®,
contemporary studies incorporating SGLT2
inhibitors demonstrate significant risk
attenuation - patients on these medications
showed 38% lower DN progression rates at
any given HbAlc level compared to
conventional therapy®®. This aligns with
recent  mechanistic  work  showing
empagliflozin  reduces renal hypoxia-
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inducible factor la activation independent
of glucose control?®®. Similarly, the
protective effects of GLP-1 receptor
agonists persisted across HbAlc strata,
supporting their pleiotropic renal benefits?.
The regional disparities we identified have
major clinical implications. South Asian
patients in our analysis (particularly from
Pakistan and India) developed nephropathy
complications at HbAlc levels 0.5-1.0%
lower than  Western  counterparts,
corroborating findings from the CARRS
and SMART-India cohorts??2. This may
reflect genetic susceptibility factors like
APOL1 variants®, combined  with
environmental challenges including higher
rates of vitamin D deficiency®* and greater
exposure to air pollution®. Our data
strongly support calls for ethnicity-specific
HbA1c targets in international guidelines?®.
Several limitations warrant consideration.
First, while we adjusted for major
confounders like hypertension and diabetes
duration, residual confounding from
unmeasured  variables (e.g., dietary
patterns, medication adherence) may
persist. Second, the observational nature of
most included studies precludes definitive
causal inferences - though the consistent
gradient across studies strengthens causal
plausibility.  Third, heterogeneity in
outcome definitions (particularly for
albuminuria staging) introduced
methodological variability, despite our use
of random-effects models.

These findings carry significant clinical
implications. First, HbAlc levels above 8%
should prompt intensified renal monitoring,
regardless of other risk factors. Second,
therapeutic decisions should consider that
newer anti diabetic agents, such as SGLT2
inhibitors and GLP-1 receptor agonists,
offer amplified benefits in high-risk groups.
Third, public health strategies must focus
on regions with high baseline HbAlc—
such as South Asia—by implementing
targeted prevention and  education
programs. Looking ahead, future research
should explore the mechanisms of HbAlc-
induced renal epigenetic changes, conduct
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trials on intensive glycemic control in
vulnerable ethnic populations, and develop
risk prediction tools that function
independently of HbAlc levels.
CONCLUSION

This meta-analysis confirms that elevated
HbAlc is a key predictor of diabetic
nephropathy  progression, including
albuminuria, eGFR decline, and ESRD.
Risk is notably higher in South Asian
populations, likely due to delayed care and
genetic factors. Maintaining HbAlc below
7.5%—and even lower for high-risk
groups—can reduce renal complications,
especially ~ when combined  with
renoprotective medications like RAS
inhibitors and SGLT2 inhibitors. These
findings highlight the need for personalized
glycemic targets and targeted interventions
in vulnerable regions. Further research
should explore underlying mechanisms and
refine risk prediction models.
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